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Objective. The aim of the study was to characterize outcomes of functional capacity evaluations (FCEs) amongst patients undergoing spinal fusion surgery. Summary of Background Data. Injured workers often undergo an FCE upon reaching maximal medical improvement following surgery. To date, few studies have examined the results of FCEs following spinal fusion. Methods. Patients undergoing an FCE following a minimally invasive transforaminal lumbar interbody fusion (TLIF) or anterior cervical discectomy and fusion (ACDF) were retrospectively identified. Based upon the FCE report, each patient's job-related preoperative physical requirement and postoperative work capability was categorized as light, medium, or heavy. Patients were characterized as being able to meet their preoperative job requirement if their FCE-determined capability was greater than or equal to their preoperative job requirement. Patient characteristics were tested for association with meeting preoperative job requirement using bivariate and multivariate regression. Results. A total of 173 patients were identified: 71 (41.0%) and 102 (59.0%) underwent TLIF and ACDF, respectively. Of the 71 TLIF and 102 ACDF patients, 41 (58%) and 50 (49%) had light postoperative capabilities, 18 (25%) and 38 (37%) as medium, and 12 (17%) and 14 (14%) as heavy, respectively. Postoperatively, 26 (37%) of TLIF and 55 (54%) of ACDF patients were categorized as meeting their preoperative job requirement. Independent predictors of meeting preoperative job requirement following TLIF (P ¼0.002) and ACDF (P ¼ 0.037) were lower preoperative job requirement, and younger age for ACDF (P < 0.001). Conclusion. Only one in five patients undergoing spinal fusion surgery for occupational injuries is able to perform heavy-duty work postoperatively. Similarly, approximately half of patients are able to perform medium-duty work. Moreover, a majority of patients are unable to return to their preoperative occupational responsibilities. These findings can be used to council patients regarding their likelihood of meeting postoperative work capacity. Key words: anterior cervical discectomy and fusion, cervical spine, functional capacity evaluation, functional outcome, lumbar spine, spinal fusion, transforaminal lumbar interbody fusion. Level of Evidence: 3 Spine 2016;41:1104-1110 I n 1994, the Social Security Administration published recommendations for disability reform that placed increased emphasis on the determination of functional limitations. 1 The determination of such limitations following an on-the-job injury is commonly performed using a specific type of medical evaluation called a functional capacity evaluation (FCE). 2 The use of FCEs to determine physical capability is perceived as a superior alternative to using the patient's diagnoses, which may not necessarily correlate with the degree of impairment.
FCEs consist of highly standardized sets of tests incorporating medical and vocational history, physical examination, physiological measurements (including muscular and cardiovascular endurance), functional performance, and the physical demands of work as determined by the United States Department of Labor. 2 Comprehensive FCEs may take hours to complete and can be costly. 3 Multiple types of FCE systems incorporating the required components exist. 4, 5 Anterior cervical decompression and fusion (ACDF) and transforaminal lumbar interbody fusion (TLIF) are spinal procedures with excellent clinical outcomes when performed for the proper indications. [6] [7] [8] [9] Postoperative physical rehabilitation is often required for patients who underwent either of these procedures. Upon completion of the rehabilitation program, a physician may declare that a patient who sustained an occupational injury has reached maximum medical improvement. Once maximum medical improvement has been declared, a patient typically undergoes an FCE.
The results of FCEs have substantial consequences relating to workers' compensation (WC) claims, disability claims, medicolegal issues, and future work opportunities. Despite the high prevalence of occupational injuries involving the spine, little is known regarding the outcomes of FCEs following spinal procedures. Thus, the purpose of the present study is to characterize the outcomes of FCEs among patients undergoing an ACDF or TLIF procedure.
PATIENTS AND METHODS
Patients undergoing an FCE following a minimally invasive TLIF or an ACDF were retrospectively identified using the senior author's prospectively maintained surgical registry. If a patient presented with severe neurological deficits such as profound myelopathy or cauda equina syndrome, they were treated emergently and thus were excluded from the study.
Each patient's FCE report was reviewed. Each report had characterized each patient's preoperative job requirement (physical strenuousness of job) and postoperative work capability as sedentary, light, medium, heavy, or very heavy. This characterization had been made by the physical therapy specialist completing the FCE in accordance with the guidelines set forth by the United States Department of Labor (Appendix A, http://links.lww.com/BRS/B109). 2, 10 For the present study, patients were characterized as being able to meet their preoperative job requirement if their FCE-determined capability was greater than or equal to their preoperative job requirement.
Demographic, comorbidity, and preoperative pain information were extracted from the surgical registry. Demographic information included age and sex. Comorbidity information included modified Charlson comorbidity index (CCI). The CCI was modified to exclude the age component so that age could be analyzed as an independent variable in multivariate analyses. Finally, the preoperative pain information was extracted in the form of the visual analog scale (VAS).
TLIF and ACDF patients were analyzed in parallel. First, the proportions of patients with sedentary/light, medium, and heavy/very heavy FCE-determined preoperative job requirements were determined. Second, the proportions of patients with sedentary/light, medium, and heavy/very heavy FCE-determined postoperative work capabilities were determined. Third, the proportion of patients whose FCE-determined work capabilities met their FCE-determined preoperative job requirements was established. Comparisons were made between TLIF and ACDF patients using Pearson chi-squared test. Finally, the meeting of preoperative job requirements was tested for association with age, sex, modified CCI, smoking status, preoperative VAS, preoperative job requirement, and subjective and objective preoperative neurologic symptoms. These tests were performed using bivariate and multivariate Poisson regression with robust error variance. The final multivariate model was selected using a backwards stepwise process in which all independent variables were initially included in the model and variables with the highest P-value were one-by-one eliminated from the model until only variables with P < 0.05 remained. Finally, the margins of the final multivariate model were taken to generate estimates and standard errors for the probability that a hypothetical patient with relevant preoperative characteristics will meet his or her preoperative job requirement. The level of significance was set at 0.05 (P < 0.05).
Post-hoc Analysis
To specifically examine the patients who were able to return to heavy work, an analysis of only patients who had a preoperative job requirement of heavy/very heavy was separately conducted for both the ACDF and TLIF cohorts in parallel. Among this group of patients, those with an FCEdetermined postoperative work capability of heavy/very heavy were compared to those with lower FCE-determined postoperative work capability in terms of age, sex, comorbidity burden, smoking status, and pre-and postoperative VAS scores using Fisher exact tests or Student t tests.
RESULTS
A total of 173 patients were identified. Of these, 71 (41.0%) underwent TLIF and 102 (59.0%) underwent ACDF. Among TLIF patients, 5 patients (7.0%) had subjective motor complaints, 70 patients (98.6%) had subjective sensory complaints, 18 patients (25.4%) had objective motor/reflex abnormalities, and 77 patients (29.6%) had objective sensory abnormalities. Among ACDF patients, 28 patients (27.5%) had subjective motor complaints, 100 patients (98.0%) had subjective sensory complaints, 72 patients (70.6%) had objective motor/reflex abnormalities, and 77 patients (75.5%) had objective sensory abnormalities. The patient populations, including their preoperative job requirements, are described in Table 1 .
Of the 71 TLIF patients, 41 (58%) had their postoperative capability categorized as sedentary/light, 18 (25%) as medium, and 12 (17%) as heavy/very heavy ( Table 2 ). Of the 102 ACDF patients, 50 (49%) had their postoperative capability categorized as sedentary/light, 38 (37%) as medium, and 14 (14%) as heavy/very heavy. These distributions did not differ between patients undergoing TLIF and patients undergoing ACDF (P ¼ 0.257).
Of the 71 TLIF patients, 26 (37%) were categorized as meeting their preoperative job requirement (Table 2 ). Of the 102 ACDF patients, 55 (54%) were categorized as meeting their preoperative job requirement. Patients undergoing TLIF had a lower likelihood of meeting their preoperative job requirement than do patients undergoing ACDF (37% vs. 54%, P ¼ 0.025).
In the multivariate analysis for TLIF patients, the only independent predictor of meeting preoperative job requirement following TLIF was lower preoperative job requirement (P ¼ 0.002; Table 3 ). In the multivariate analysis for ACDF patients, independent predictors of meeting preoperative job requirement following ACDF were lower preoperative job requirement (P ¼ 0.037) and younger age (P < 0.001; Table 4 ). Of note, for both TLIF and ACDF patients, there were no associations between preoperative subjective or objective neurologic symptoms and meeting of preoperative job requirement. Table 5 uses the multivariate models presented in Tables  3 and 4 to estimate the likelihoods that patients will be able to return to their preoperative job requirements. For TLIF, the highest likelihood is for patients with light preoperative job requirement (78%), whereas the lowest likelihood is for patients with heavy preoperative job requirement (26%). In particular, for ACDF, the highest likelihood is for younger patients with light preoperative job requirement (97%), whereas the lowest likelihood is for older patients with heavy preoperative job requirement (16%).
Post-hoc Results
Appendices B and C (http://links.lww.com/BRS/B109) concern only patients who had preoperative job requirements of heavy/very heavy. These appendices depict the percentages of these patients that had FCE-determined postoperative work capabilities of heavy/very heavy. For TLIF patients, there were no significant associations with postoperative work capability (Appendix B, http://links.lww.com/BRS/ 
DISCUSSION
The present study suggests that only one in five patients undergoing spinal fusion surgery for occupational injuries is able to perform heavy-duty work postoperatively. Similarly, only about half of patients are able to perform medium-duty work postoperatively. Finally, a majority of patients are unable to return to their preoperative occupational responsibilities, an outcome more likely following TLIF than ACDF. Over the last several decades, studies have suggested that patients undergoing surgery for occupational injuries-typically WC patients-have inferior clinical outcomes compared with other patients. 6, [11] [12] [13] [14] [15] [16] Although much of this work has been conducted with respect to orthopedic trauma, several studies have been conducted regarding spinal surgery. 6, 15, 16 Tabaraee et al 6 studied 352 patients undergoing ACDF and concluded that WC patients had inferior clinical improvement at 1 year and increased rates of revision and reoperation compared with non-WC patients. Similarly, a study of 924 patients undergoing surgery for lumbar disc herniation by Atlas et al 15 found that WC patients had inferior Oswestry Disability Index scores, Short Form-36 scores, and patient satisfaction compared with non-WC patients. However, not all studies have come to the same conclusion: A 2012 retrospective study of patients undergoing TLIF compared a variety of outcomes between WC and non-WC cohorts and demonstrated no difference. 16 Although comparisons of WC to non-WC patients have received most of the attention with respect to work-related injuries, the ability of injured workers to return to their jobs may be a research topic of equal value.
Multiple studies have reported excellent outcomes following minimally invasive TLIF, with return to work rates ranging from 90% to 97%. 9, 17, 18 However, these studies did not take into account modifications to work duties or decreases in work hours. Accordingly, a study by Takahashi et al 19 reported that 59% of patients decreased their work hours or work duty following TLIF.
In the present study, we focused on the ability for a patient to return to his or her preinjury job without modification. We wanted to provide surgeons with useful data regarding their patients' abilities to resume the occupations they had previously held. Not all patients have the same likelihood of meeting their preoperative job requirement. Hence, we identified factors associated with a greater likelihood of doing so. The most consistent predictor of meeting preoperative job requirement was having a lower preoperative job requirement. This was true for both TLIF and ACDF cohorts. Within the ACDF cohort, younger age was also predictive. During preoperative discussions with patients, surgeons can reference Table 5 from the present study, which provides patients with a reasonable estimate of their ability to return to their preinjury job without modification of responsibilities.
In an effort to elucidate possible features of patients who were able to return to heavy-duty work, a restricted analysis among only those with heavy-duty preoperative work requirements was performed. Although the small sample size in this analysis likely limited the ability to detect statistically significant differences, there was a lack of associations with postoperative work capability in both the TLIF and ACDF populations. Younger age did show significant association with returning to heavy-duty work in the ACDF population, a finding that was consistent with the analysis of the full cohort.
Although several predictors were investigated in this study, surgical outcomes are very complex and many other factors may have played a role in each patient's postoperative work capability. Future studies should consider the impact of other variables including severity of preoperative symptoms, specific comorbidities, socioeconomic status, social support system, patient cognitive ability, understanding of and involvement in medical care, and/or adherence to a physical therapy program. There are several limitations to the present study. First, the study was conducted using patients who underwent either an ACDF or TLIF by one surgeon at a single institution. These findings, therefore, may not be generalizable to all surgeons throughout the country. Second, we identified and analyzed patients retrospectively and were thus unable to collect data on patient factors that may have been important (i.e., psychosocial and other nonorganic factors). Such factors [20] [21] [22] Third, given the small number of patients in each cohort, the study may have lacked statistical power to elucidate all possible predictors of postoperative work capability. Finally, the FCEs were performed by multiple different therapists and centers; given the retrospective nature of the study, we are unable to measure interobserver reliability.
Following treatment for occupational work injuries, a patient will often undergo an FCE to help determine his or her postoperative work capability. The present study enables surgeons to better counsel each patient on the likelihood that he or she will be able to return to his or her preoperative job following surgery. Patients and surgeons should understand that following surgery, the majority of patients will be able to return only to light-or medium-duty work. This is particularly important for those patients with heavy-duty preoperative job requirements. Finally, a patient's preoperative job requirement should be carefully considered prior to surgery, because it is the best predictor of being able to return to prior duties. 
